Rhizobium trifolii 0403 maintained in exponential phase via periodic dilution doubled in 210 min in mannitol-salts medium and doubled in 244 When found within effective legume nodules, cells of certain rhizobia, especially Rhizobium trifolii, are large, very pleomorphic and nondividing. These large cells, called bacteroids, differ from rod-shaped cells morphologically, but they also differ in physiology (11, 19), composition (18), and ability to subsequently divide and form colonies (9, 17). Cells which morphologically resemble bacteroids are occasionally found in cultured rhizobia, especially when cultures are very old or when media contain alkaloids or plant extracts (19), or are enriched with 0.35% yeast extract (12). Although the presence of bacteroids in nodules is known to be required for symbiotic nitrogen fixation, the signal(s) for bacteroid formation and the nature and sequence of events accompanying the cell-bacteroid transformation remain essentially unknown.
When found within effective legume nodules, cells of certain rhizobia, especially Rhizobium trifolii, are large, very pleomorphic and nondividing. These large cells, called bacteroids, differ from rod-shaped cells morphologically, but they also differ in physiology (11, 19) , composition (18) , and ability to subsequently divide and form colonies (9, 17) . Cells which morphologically resemble bacteroids are occasionally found in cultured rhizobia, especially when cultures are very old or when media contain alkaloids or plant extracts (19) , or are enriched with 0.35% yeast extract (12) . Although the presence of bacteroids in nodules is known to be required for symbiotic nitrogen fixation, the signal(s) for bacteroid formation and the nature and sequence of events accompanying the cell-bacteroid transformation remain essentially unknown.
This report describes a nutrient enrichment system for induction of large, pleomorphic and nondividing R. trifolii cells which have at least some properties of bacteroids.
MATERIALS AND METHODS
Strains. R. trifolii 0403 (6) (Fig. 1) . Parallel increases in both parameters indicated that growth in both media is balanced (4) .
In Salmonella typhimurium (14) and Escherichia coli (10) careful experimentation has shown that manipulation of carbon source or nutrient supplements or both causes predictable changes in doubling time. Doubling times can be increased or decreased by as little as 0.16 min (14) , with doubling rate and mass/cell increasing with "richer" carbon sources or additional nutrients. Figure 1 and Table 1 show that R. trifolii also responds to different primary carbon sources with different doubling times (210 min for MM; 243 min for MG); however, the correspondence between doubling time and cell size shown to occur in S. typhimurium and E. coli apparently does not exist in R. trifolii. Fig. I was supplemented, Possibly this is a function of the fact that MG assayed, and plotted as described in Fig. 2 . Individcells were larger during balanced growth ( Some preliminary experimentation has been done to determine whether the response shown in Fig. 2 (Fig. 4B) .
As shown in Fig. 4B, 95 and 98% MG cells, respectively, exhibited su imum commitment to swelling occi min in MM cells and by 460 min i but the pattern of initial response: tially identical in each medium. Cc Fig. 4A (15) . represent the teria, two daughter cells were formed from one tich exhibited elongated parent cell as a result of septum and cross-wall invagination at a point midway between the cell ends (Fig. 5a) . In E. coli, also id examined gram negative, the cell elongation which must on a bright-precede normal division occurs in the cell center yree of swell- (15) . As a result, at the moment of physical ce were clas-separation, the two daughter cells have adjacent 1 nonswollen ends which are newly replicated and distal ends [ly counted. which are one doubling time older.
each smear, Figure 5 shows that nutrient-enriched cells Is exhibiting were typically swollen on either one end or in the very middle. Swollen cells which appeared of MM and to be in the process of dividing at the outset of velling. Max-swelling ( Fig. 5f and g ) or which apparently urred by 360 divided but did not separate just before swelling in MG cells, (Fig. 5d) suggest that swelling occurs in the most s was essen-recently replicated portions of the cell envelope.
mparison of
Visual examination of swollen cells suggests Lswere com-swelling was confined to only one cell heminum cell size sphere. Because of the difficulty involved in focusing upon and accurately measuring dimen-4 cells to sions of the nonswollen end of large cells, such titol (9) , and careful measurements were not made. However, 3) swollen on one end ( Fig. 5c and d) is the same diameter as that of an unsupplemented cell (Fig.  5a ) and slightly more than one-half as long. Relative dimensions of nonswollen ends of cells swollen in the middle ( Fig. 5f and g) Fig. 5g showed signs of constriction due to a septum and likewise was less swollen. Possibly the appearance of a partially completed septum (e.g., one which constricts a cell but has not yet served to physically separate daughter cells) impairs the elasticity of the otherwise newly replicated envelope.
No plausible mechanism can be offered to describe the apparently dramatic way envelope extension is stopped. Any mechanism "freezing" envelope extension in a physical way is difficult to envision in view of the obvious plasticity of the region which swells. Conversely, stoppage of division at a single point in the cell cycle seems unlikely in view of the two or more morphological types of swollen cells which are seen.
By whatever mechanism swelling occurs, it renders cells osmotically fragile. Only 3.6% of MM cells survive plating to MMCSYG when plated 340 to 390 min after nutrient enrichment. Samples plated to a medium supporting outgrowth of R. japonicum bacteroids (9), however, allowed 35% of nutrient enriched cells to form colonies. Although the 35% survival rate on 0.2 M mannitol-containing medium is consistently higher than survival on non-osmotically protecting medium, it is not known how the survival rate of nutritionally enriched cells compares to the survival rate of nodule-derived R. trifolii bacteroids.
The finding that nutritionally enriched cells swell at regions of most recent cell envelope synthesis and therefore at particular cell ends is especially intriguing in light of the findings that Rhizobium cell tips are selectively involved in binding to legume root hairs (3, (5) (6) (7) 13 ).
An association between sites of cell swelling and lectin binding might find further support in the demonstration that lectin receptor synthesis varies during the growth curve (1, 8) . For example, Dazzo et al. (8) found lectin receptor synthesis to peak at early log and again at late log-early stationary phases of the growth curve. If cell envelope synthesis in Rhizobium is a discrete event in the cell cycle as it is in E. coli (15) , and if control of cell division and the cell cycle in individual cells of a growing culture has not yet become precise in early log or is losing precision in late log, it could be possible that both lectin binding and the potential for swelling are subject to the same cell division control(s).
The swollen cells produced by the procedure described in this report are morphologically more uniform and generally more swollen than bacteroids found inside nodules; however, the swollen cells are large, pleomorphic, nondividing, and osmotically fragile. Based on the latter four characteristics, the swollen cells at least resemble bacteroids. Whether the bacteroid-like cells produced by nutrient enrichment display other properties of bacteroids such as the presence of nitrogenase is currently under investigation.
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